Abstract -An analysis of the residual-velocity field of OB associations within 3 kpc of the Sun has revealed periodic variations in the radial residual velocities along the Galactic radius vector with a typical scale length of λ = 2.0 ± 0.2 kpc and a mean amplitude of fR = 7 ± 1 km s −1 . The fact that the radial residual velocities of almost all OBassociations in rich stellar-gas complexes are directed toward the Galactic center suggests that the solar neighborhood under consideration is within the corotation radius. The azimuthal-velocity field exhibits a distinct periodic pattern in the 0 < l < 180
INTRODUCTION
The location of the spiral arms in our Galaxy and their influence on the kinematics of gas and young stars is undoubtedly of great importance for understanding the large-scale hydrodynamic processes and the evolution of stellar groupings and that of the Galaxy as a whole. Only in our own Galaxy it is possible to derive the space velocity field of young stars and analyze the radial and azimuthal velocity components simultaneously. However, even now the location of spiral arms in the Galaxy remains a subject of discussion. There are two main approaches to the problem. The first one consists in identifying spiral arms from regions of enhanced density of young objects in the galactic disk (Morgan et al. 1952; Fenkart and Binggeli 1979; Humphreys 1979; Efremov 7198; Berdnikov and Chernin 1999, and others) . The main idea of the second approach is to look for telltale kinematical signatures of spiral arms (Burton 1971; Burton and Bania 1974; Creze and Mennessier 1973; Gerasimenko 1993; Mishurov et al. 1979 Mishurov et al. , 1997 Mel'nik et al. 1998 Mel'nik et al. , 1999 Sitnik and Mel'nik 1999; Sitnik et al. 2001, and others) . We consider the latter approach to be more promising, because kinematical analyses can be performed on incomplete samples, whereas when comparing stellar space densities in different regions of the Galaxy, it is necessary to allow for observational selection, which is a very difficult problem.
However, when performing kinematical analyses, one is up against another problem. Almost all stars with known line-of-sight velocities and proper motions are located within 3 kpc of the Sun, with the kinematical data becoming extremely scarce at greater heliocentric distances. As a result, it is impossible to infer the pitch angle of spiral arms directly from observations, because such a determination would require kinematic data for a solar neighborhood comparable in size with the distance to the Galactic center. The basic idea of our approach to analyzing the velocity field is to determine the wavelength λ of periodic velocity variations along the galactic radius-vector ignoring the nonzero spiral-arm pitch angle and assuming spiral-arm fragments to have the shapes of circular segments. The wavelength in question is to a first approximation equal to the interarm distance. We first applied this technique to the Cepheid velocity field and found λ = 1.9 ± 0.2 kpc . It is this parameter and not the spiral-arm pitch angle that we determine directly from an analysis of stellar kinematics. To estimate the pitch angle, we must also know the number or arms m. We can then determine the mean pitch angle i of spiral arms in terms of a model of regular spiral pattern using the simple relation tan i = λm 2πR0 of the density wave theory (Lin et al. 1969) . The number of spiral arms is very difficult to establish even from radio observations, because no reliable distance estimates are usually available for gas clouds and other spiral-arm indicators observed at radio frequencies at large heliocentric distances. For a two-armed spiral pattern a wavelength of λ = 1.9 kpc corresponds to a mean pitch angle of i = 5
• . In the density-wave theory there is a fixed phase shift of π/2 between the oscillations of radial and azimuthal components of velocity perturbations for tightly wound arms (Lin et al. 1969) . However, simulations of the kinematics of spiral arms with allowance for gas-dynamic effects (Roberts 1969) showed both components to exhibit maximum variations at the shock front. Therefore, one would expect that the oscillations of the radial and azimuthal components of residual velocity must be synchronized, and their phases should not be shifted relative to each other. The allowance for shock effects, even in a coarse approximation, requires an independent determination of the phases of oscillations of the radial and azimuthal components of residual velocity. It is the dropping of the requirement of the fixed phase shift between the oscillations of the two components that allowed considerable perturbations in the azimuthal residual velocities to be found in the 0 < l < 180
• region. Unfortunately, our method allows us to determine the arm location only up to λ/2, i.e., up to shifting arms into the interarm space. Moreover, it is impossible to choose between the two solutions for the location of the spiral pattern based on kinematical data alone. For the final choice, we invoke the additional information about the location of starburst regions with respect to the periodic pattern found in the velocity field studied. This information allows us not only to choose the right spiral-pattern solution, but also to determine the position of the region considered (within 3 kpc from the Sun) with respect to the corotation radius.
It is impossible to analyze the spiral pattern of our Galaxy without the knowledge of reliable distances to the objects studied. The use of OB associations instead of individual stars allows, due to averaging, a more reliable distance scale to be constructed and more reliable velocities to be derived. OB associations are sparse groupings of young stars (Ambartsumyan 1949) . A comparison of virial mass estimates of OB-associations with the masses estimated by modeling their stellar content suggests that these groupings are gravitationally unbound. Presently, there are several partitions of galactic OB-stars into associations, those of Blaha and Humphreys (1989) , Garmany and Stencel (1992), and Efremov (1995) . All these partitions are based on the catalog of luminous stars of Blaha and Humphreys (1980) . However, Garmany and Stencel (1992) identified their OB-associations only in the 50 < l < 155
• region. Mel'nik and Efremov (1995) used cluster analysis technique to identify the densest and most compact groups, the cores of OB-associations. However, these groupings contain twice as few stars than the associations of Blaha and Humphreys and, moreover, in dense regions, kinematical data are available for a smaller fraction of stars. We therefore consider the partition of OB-stars into associations suggested by Blaha and Humphreys (1989) to be more suitable for kinematical analyses. The sky-plane sizes of most of the OB-associations of Blaha and Humpreys (1989) do not exceed 300 pc (except Cep OB1 and NGC 2430) , and the use of these objects for identifying periodic patterns with typical scale lengths greater than 1 kpc is a quite correct procedure. The inclusion of a list OB-stars in the HIPPARCOS (1997) program allowed their space motions to be analyzed for the first time (de Zeeuw et al.1999 ).
OBSERVATIONAL DATA
To construct the velocity field of OB associations, we used the following data:
1. The catalog of stars in OB associations by Blaha and Humphreys (1989) and heliocentric distances r BH of these associations;
2. The catalog of classical Cepheids (Berdnikov 1987; Berdnikov et al. 2000) with distances on the so-called short distance scale (Berdnikov and Efremov 1985) ;
3. The solar Galactocentric distance R 0 = 7.1 ± 0.5 kpc (Rastorguev et al. 1994; Dambis et al. 1995; Glushkova et al. 1998);  4. The short distance scale for OB associations, r = 0.8r BH , which is consistent with the short distance scale for Cepheids (Sitnik and Mel'nik 1996; Dambis et al. 2001) ;
5. Stellar line-of sight velocities from the catalog by Barbier-Brossat and Figon (2000) ;
6. Proper motions of stars adopted from the HIPPARCOS (1997) catalog.
The distances to OB associations that we use here and the solar Galactocentric distance were obtained on the same distance scale, which agrees with the short distance scale for Cepheids.
The catalog of Blaha and Humphreys (1989) includes a number of extended open clusters, such as Collinder 121 and Trumpler 16, because it is very difficult to distinguish unambiguously between OB-associations and young clusters. However, we did not use in our analysis other young clusters that were not included in the catalog of Blaha and Humphreys (1989) , because of a considerable overlap between the lists of OB-association and young-cluster stars with known kinematical parameters (Glushkova 2000, private communication) .
We determined median line-of-sight velocities for a total of 70 OB associations containing at least two stars with known line-of-sight velocities, and median tangential velocities, for 62 associations containing at least two stars with known proper motions 1 . The velocity of each OB association is based, on the average, on 12 line-of-sight velocities and 11 proper motions of individual stars. We excluded the distant association Ara OB1B (r = 2.8 kpc) from our sample because of its large V z velocity component, which exceeds 20 km s −1 .
AN APPROACH TO THE SOLUTION
In the case of tightly wound spiral arms, the velocity field must exhibit variations of the value and direction of residual stellar velocities (i.e., velocities corrected for the Solar apex motion and galactic rotation) on Galactocentric distance. We now write the expressions for the perturbation of radial V R and azimuthal V θ components of residual velocities in the form of periodic functions of the logarithm of Galactocentric distance R:
where f R and f θ are the amplitudes of variations of velocity components V R and V θ . Parameter λ (in kpc) characterizes the wavelength of the periodic velocity variations along the galactic radius-vector. The angels ϕ R and ϕ θ determine the phases of oscillations at the solar Galactocentric distance. Assuming that galactic arms have the shape of logarithmic spirals, we adopted a logarithmic dependence of the wave phase on Galactocentric distance, which degenerates into a linear function
To demonstrate that the periodic pattern in the field of residual velocities is independent of the adopted model of circular rotation, we found the parameters of the periodic pattern jointly with those of differential circular galactic rotation and the components of solar velocity. We inferred all these quantities from a joint solution of Bottlinger equations (Kulikovskiȋ 1985) for line-of-sight velocities V r and velocity components V l (V l = 4.738 [km s −1 kpc −1 (arcsec yr −1 ) −1 ] µ l r, where µ l is the proper-motion component along the galactic longitude) with allowance for perturbations induced by the density wave:
Here, θ is the azimuthal Galactocentric angle between the directions toward the star and the Sun; Ω 0 is the angular velocity of galactic rotation at the solar Galactocentric distance; Ω ′ 0 and Ω ′′ 0 are the first and second derivatives with respect to Galactocentric distance taken at a distance of R 0 ; u * 0 , v 0 , and w 0 are the solar velocity components relative to the centroid of OB-associations in the directions of X, Y , and Z axes, respectively. The X-axis is directed away from the Galactic center, the Y -axis is in the direction of galactic rotation, and the Z-axis points toward the North Galactic Pole. Velocity components u * 0 and v 0 include the solar-velocity perturbation due to the spiral density wave.
(In galactic astronomy the X-axis is traditionally directed toward the Galactic center and one should therefore compare −u * 0 and not u * 0 with the standard solar apex). We adopted w 0 = 7 km s −1 for the solar velocity component along the Z-coordinate (Kulikovskiȋ, 1985; .
To linearize equations (3) and (4) with respect to the oscillation phases ϕ R and ϕ θ , we rewrite the formulas for perturbations of velocity components V R and V θ as follows:
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The parameters f R , f θ , ϕ R and ϕ θ can then be found from the relations:
We computed the weight factors p in the equations for V r and V l as follows:
Here σ 0 is the dispersion of residual velocities of OB associations with respect to the adopted model of motion (without allowance for the triaxial shape of the velocity distribution); ε V r and ε µl are the standard errors of measured stellar line-of-sight velocities and proper motions, respectively. We determined the dispersion using iterations technique, which yielded σ 0 = 6.6 km s −1 . We then applied the least-squares technique to find a joint solution of the system of equations (3) and (4), which are linear with respect to the parameters
and B θ , with weight factors (9) and (10) and fixed λ (see p. 499 in the book by Press et al. (1987) ). We estimate the wavelength λ by minimizing function χ 2 (λ), which is equal to the sum of squares of the normalized velocity residuals. Figure 1 shows χ 2 as a function of λ, based on a joint solution of the system of equations (3) and (4) for line-of-sight and tangential velocities of OB associations located within 3 kpc from the Sun. χ 2 takes its minimum value at λ = 2.0 kpc. The resulting amplitudes of radial and azimuthal velocity perturbations are equal to f R = 6.6 ± 1.4 and f θ = 1.8 ± 1.4 km s −1 , respectively. Table 1 gives the inferred values of all determined parameters:
RESULTS

Parameters of the Rotation Curve and Periodic Pattern Inferred from the Entire Sample of OB Associations
A θ , and B θ , as well as f R , f θ , ϕ R and ϕ θ computed using formulas (7) and (8). The table also gives the standard errors of the above parameters, the number N of equations used, and the rms residual σ 0 .
We then performed numerical simulations in order to estimate the standard error of the resulting λ. To this end, we fixed the actual galactic coordinates of OB-associations and simulated normally distributed random errors in the heliocentric distances of OB associations with standard deviations equal to 10% of the true distance, and then used formulas (3) and (4) to compute a theoretical velocity field with allowance for the perturbations due to the density wave (we took all parameter values from Table 1 ). We then added to the theoretical velocities simulated normally distributed random errors with a standard deviation 
of σ, which includes the contribution of observational errors (σ = 1/p V r and σ = 1/p V l , see formulas (9) and (10)). We determined the wavelength λ for each simulated velocity field and found the inferred λ values to be unbiased and to have a standard error of 0.2 kpc. We also explored the possibility of periodic patterns emerging accidentally in the velocity field of OB associations due to chance deviations of individual velocities from the circular rotation law. To this end, we simulated random errors in the velocities and heliocentric distances of OB associations and determined λ, f R , and f θ for each simulated field. Numerical simulations showed that 30% of all λ values fall within the wavelength interval 1 < λ < 3 kpc that is of interest for us. It is in this λ interval that random fluctuations of the field of circular velocities can be attributed to density-wave effects. The mean amplitudes f R and f θ are equal to 3 km s −1 , i.e., about twice the standard errors of the corresponding parameters inferred for the actual sample of OB associations (Table 1) . However, the probability of a periodic pattern with an amplitude of f R ≥ 6.6 km s −1 and λ in the 1 < λ < 3 kpc interval emerging accidentally is extremely low P < 1%. Therefore the hypothesis about the periodic pattern with an amplitude equal to f R = 6.6 km s −1 emerging as a result of chance fluctuations in the velocities and heliocentric distances of OB associations can be rejected at a confidence level of 1−P > 99%. However, chance oscillations in the field of azimuthal velocities with amplitudes f θ ≥ 1.8 km s −1 and wavelengths λ in the 1 < λ < 3 kpc interval appear rather frequently, in 25% of the cases, and therefore the periodic pattern found in the field of azimuthal velocities with f θ = 1.8 km s −1 can well be interpreted in terms of random fluctuations.
Location of Spiral Arms in the Galactic Plane
A gravitational potential perturbation that propagates in a rotating disk at a supersonic speed produces a shock front, which affects the kinematics of gas and young stars born in this gas (Roberts 1969) . The ages of OB associations do not exceed 5 × 10 7 yr and, therefore, the motions of OB-associations must be determined mainly by the velocities of their parent molecular clouds (Sitnik et al. 2001) . Inside the corotation radius the shock front must coincide with the maximum radial velocity of streaming motions toward the Galactic center and maximum azimuthal velocity in the direction opposite that of galactic rotation. Velocities vary in value and reverse their direction as one recedes from the perturbation front. A sinusoidal law gives a first, coarse approximation to this pattern. According to the adopted model, in the interarm space, the radial and azimuthal components of streaming motions must be directed away from the Galactic center and along the galactic rotation, respectively (see Fig. 2 in Mel'nik et al. 1999) . Figure 2 shows the distribution of OB associations with known space velocities and the full vectors of residual velocities projected on the galactic plane. We determined residual velocities as the differences between heliocentric velocities and circular rotation velocities, which also includes the motion of the Sun toward the apex, computed with parameters u * Table 1 . Also shown are circular arcs corresponding to the maximum mean radial velocity V R toward the Galactic center as defined by formula (1) and f R and ϕ R adopted from Table 1 . Table 2 gives the following parameters for 59 associations with known space velocities: radial (V R ) and azimuthal (V θ ) components of residual velocities; components V z of residual velocities along the z-coordinate; Galactocentric R and heliocentric r distances, and galactic coordinates l and b. To characterize the reliability of velocities and distances listed in Table 2 , we also give the numbers n r and n l of association stars with known line-of-sight velocities and proper motions, respectively, and also the number N of members of the OB associations used to determine distance r.
Let us assume that the region studied is inside the corotation radius. It then follows, in view of the small value of the pitch angle, that the arcs shown in Fig. 2 should coincide with the shock front and must be located near the minima of gravitational potential minimum (Roberts 1969) . Given a partition of young galactic objects into stellar-gas complexes (Efremov and Sitnik 1988) , one can identify the star-forming regions through which the arms drawn in Fig.  2 pass. The arm located closer to the Galactic center passes in quadrant I near the OB associations of the Cygnus stellar-gas complex (Cyg OB3, OB1, OB8, and OB9) and in quadrant IV, through the OB associations and young clusters of the stellar-gas complex in the constellations of Carina, Crux, and Centaurus (Car OB1, OB2, Cru OB1, Cen OB1, Coll 228, Tr 16, Hogg 16, NGC 3766, and NGC 5606). Hereafter we refer to this arc as the Cygnus-Carina arm. Another arm, which is farther from the Galactic center, passes in quadrant II near the OB associations of the stellar-gas complexes located in the constellations of Perseus, Casiopeia, and Cepheus (Per OB1, NGC 457, Cas OB8, OB7, OB6, OB5, OB4, OB2, OB1, and Cep OB1). In quadrant III neither stellar-gas complexes nor even simply rich OB associations can be found to lie along the extension of this arc, which we refer to as the Perseus arm (Fig. 2) . Note that Perseus-Cassiopeia and Carina-Centaurus stellar-gas complexes are the richest ones in the sense of the number of luminous stars their associations contain (see, e.g., Table 2 ).
If we assume that the solar neighborhood considered is located outside the corotation radius, the shock front and the minimum of potential should coincide with the maximum velocity of streaming motions directed away from the Galactic center and maximum velocity of azimuthal streaming motions in the direction of galactic rotation. The arms should then be shifted by λ/2 relative to the lines drawn in Fig. 2 , putting the rich stellar-gas complexes of the Cygnus-Carina and Perseus arms into the interarm space. Such a pattern would be inconsistent with modern concepts of star formation and results of observations of other galaxies, which indicate that starburst regions concentrate toward spiral arms (Elmegreen 1979; Efremov 1989) .
The fact that radial residual velocities of almost all OB associations in rich stellar-gas complexes are directed toward the Galactic center indicates that the region studied is located inside the corotation radius.
Kinematically Distinct Star-Forming Regions
However, things are not all that straightforward. An analysis of the data in Table 2 showed that about 30% of rich OB-associations (containing more than 30 members with known photometric parameters, N > 30), exhibit kinematic signatures characteristic of the interarm space. In particular, they have their radial residual velocity components V R directed away from the Galactic center. This is not a surprise, because star formation can also proceed in the interarm space (Elmegreen and Wang 1987) . In the solar neighborhood (Fig. 2) two regions can be identified where most of OB associations have radial velocities V R directed away from the Galactic center. These are the associations of the Local system located in quadrants II and III (Vela OB2, Mon OB1, Coll 121, Ori OB1, and Per OB2) and the stellar-gas complex projected onto the constellations of Sagittarius, Scutim, and Serpens (Sgr OB1, OB7, OB4, Ser OB1, OB2, Sct OB2, and OB3) (Efremov and Sitnik 1988) . These regions are located in the interarm space of the pattern shown in Fig. 2 . It is the alternation of star-forming regions with positive and negative radial residual velocities V R that determines the periodic pattern of the field of radial velocities of OB-associations.
Within 3 kpc from the Sun a total of five star-forming regions can be identified where almost all associations have the same direction of the radial component V R of residual velocity. The contours of these regions are shown in Fig.  2 . Table 3 gives for each such region its mean Galactocentric distance R, mean residual velocities of associations V R and V θ ; the interval of coordinates l and r, and the names of OB-associations with known space velocities it contains. Table 3 shows a well-defined alternation of the directions of the mean radial velocity V R of OB associations as a function of increasing Galactocentric distance R. The periodic pattern is especially conspicuous in Fig. 3a , which shows the variation of the radial component of residual velocity of OB assrciations along the Galactocentric distance. Radial velocities of OB associations in the Carina-Centaurus (R = 6.5), Cygnus (R = 6.9 kpc), and Perseus-Cassiopeia (R = 8.4) complexes are directed mainly toward the Galactic center, whereas those in the Sagittarius-Scutum complex (R = 5.6 kpc) and in a part of the Local system (R = 7.4 kpc) are directed away from the Galactic center. The velocities of other OB associations located outside the above complexes are, on the average, smaller in magnitude, also in agreement with the periodic pattern inferred.
Specific Features of the Periodic Pattern in the Velocity Field of OB Associations in the l < 180
• and l > 180
• Regions
To study the specific features of the velocity field of OB associations, we analyzed residual velocities of these objects as a function of Galactocentric distance separately for the two regions l < 180
• and l > 180 • (Fig. 4 and 5, respectively). Figure 4b shows the azimuthal velocity field of OB associations to exhibit a welldefined periodic pattern in the region l < 180
• , whereas no such pattern can be seen in the field of velocity components V θ of the entire sample of OB associations ( Fig. 3b and Table 1 ). The mean amplitude of azimuthal velocity variations in the region considered is as high as f θ = 5.1 ± 1.7 km s −1 , i.e., almost triple the value of f θ = 1.8 ± 1.4 km s −1 inferred from the entire sample of OB associations. One can see two well-defined minima at Galactocentric distances R = 7.0 and R = 8.4 kpc. It is evident from a comparison of Figs. 4a and 4b that the minima in the distributions of radial and azimuthal residual velocities are located at the same Galactocentric distances.
In the density-wave theory including shock effects, the minima in the distributions of the radial and azimuthal components of residual velocities must coincide with the shock front and should be located in the vicinity of the line of minimum potential (Roberts 1969) . The striking agreement between the positions of minima as inferred from the distributions of radial and azimuthal residual velocities of OB associations of quadrants I and II (Figs. 4a, 4b) can be explained by the a shock front. The positions of these minima determine the kinematical positions of the Cygnus and Perseus-Cassiopeia arms putting them at Galactocentric distances of R = 6.8 − 7.0 and R = 8.2 − 8.5 kpc, respectively. In the region l > 180
• the periodic pattern is represented by a single minimum and two maxima in the distribution of radial velocities V R (Fig. 5a) . The minimum at the Galactocentric distance R = 6.2 − 6.5 kpc determines the kinematic position of the Carina arm, whereas another minimum is absent, which would correspond to the extension of the Perseus arm toward quadrant III. The maximum at R = 7.5 kpc (Fig.5a ) is associated with the positive radial velocities of the Local system OB associations in quagrant III. No periodic pattern in the field of azimuthal velocities can be seen in the region l > 180
• (Fig. 5b) . That is why merging the association samples from the two regions (l < 180
• ) washes out the periodic pattern (Fig. 3b) , although the latter is clearly outlined by the associations of quadrants I and II (Fig. 4b) .
For a quantitative analysis, we inferred the parameters of the periodic pattern in the velocity field of OB associations in two regions: 0 < l < 180
• and 180 < l < 360
• , by solving the system of equations (3) and (4) with weight factors (9) and (10) and the parameters of circular rotation and solar-motion components adopted from Table 1. Table 4 gives the following parameters of the periodic pattern inferred for the two regions: λ, f R , f θ , ϕ R and ϕ θ , their standard errors, the number N of equations used, and the mean residual σ 0 .
It is evident from Table 4 that in the region 0 < l < 180
• radial and azimuthal residual velocities have similar variation amplitudes equal to f R = 6.7 ± 1.7 and f θ = 5.1 ± 1.7 km s −1 , respectively. The phases of the variations of the radial and azimuthal velocity components (ϕ R = 52±15 and ϕ θ = −15±20) differ significantly from each other, although, as is evident from Figs. 4ab, the minima of the radial and azimuthal velocities are located at the same Galactocentric distances. The discrepancy is primarily due to the simple sinusoidal law adopted for our analysis of the periodic pattern. Large radial velocities of the OB-associations in the Sagittarius-Scutum region (0 < l < 30
• ) break the almost ideal periodic pattern outlined by the objects located in the Cygnus and Perseus arms and in the adjoining interarm space. Excluding from our sample the OB-associations located in the region 0 < l < 30
• changes phase ϕ R significantly. The parameters of the periodic pattern inferred in the 30 < l < 180
• sector for the objects located in the Cygnus and Perseus-Casseopeia arms and in the adjoining interarm space are also listed in Table 4 . It is evident from this table that in the sector considered the phases of radial and azimuthal velocity oscillations agree with each other within the errors (ϕ R = −7 ± 15 and ϕ θ = −26 ± 18, respectively). The reliably determined wavelength λ = 1.4 ± 0.2 kpc for the region 30 < l < 180
• is equal to the distance between the Cygnus and Perseus arms, or rather to that between the minima in the distributions of both radial and azimuthal residual velocities (Figs. 4a, 4b) .
In the region 180 < l < 360
• the mean amplitude of radial velocity oscillations is equal to f R = 8.1 ± 2.0 km s −1 . Here the wavelength is determined as the distance between the maxima in the distribution of radial velocities, i.e., λ proves to be equal to the distance between the interarm-space objects (Fig. 5a) . The wavelength inferred for this region, λ = 2.4 ± 0.4 kpc, is rather uncertain, because the Galactocentric dependence of residual velocity differs appreciably from the sinusoidal law.
Numerical simulations of the velocity field allow the hypothesis that the variations of either radial or azimuthal velocities in the region 30 < l < 180
• , with amplitudes equal to f R = 6.9 and f θ = 6.1 km s −1 , respectively, are due to accidental errors in the velocities and distances, to be rejected at a confidence level of 1 − P ≥ 95%. On the other hand, the only statistically significant periodic pattern in the region 180 < l < 360
• is that of radial velocities (1 − P ≥ 99%), whereas azimuthal velocity variations can well (P = 15%) be interpreted in terms of random fluctuations. Figure 6a illustrates the specific features of the periodic pattern found in this work. It also shows the field of residual velocities of OB-associations and the circular arcs corresponding to the minima of residual radial (V R ) (solid line) and azimuthal (V θ ) (dashed line) velocities based on parameters λ, f R , f θ , ϕ R and ϕ θ , for regions 180 < l < 360
• and 30 < l < 180 • (Table 4 ). The arcs must be located in the vicinity of the lines of minimum gravitational potential. In the region 30 < l < 180
• these lines determine the loci of the Cygnus and PerseusCassiopeia arms and in the region 180 < l < 360
• , that of the Carina-Centaurus arm. Numerical simulations showed the inferred Galactocentric distances of arms and, correspondingly, the radii of arcs in Fig. 6a , to have standard errors of 0.1 − 0.2 kpc. Figure 6a illustrates all three specific features of the velocity field of OBassociations. First, the periodic pattern of azimuthal velocities in the region 0 < l < 180
• and the absence of such pattern in the region 180 < l < 360
• . Second, the agreement of Galactocentric distances of the Cygnus and PerseusCassiopeia arms as inferred from analyses of the fields of radial and azimuthal velocities in the region 30 < l < 180
• . Third, a 0.3 kpc shift of the kinematical positions of the Carina arm (R = 6.5 ± 0.1 kpc) relative to that of the Cygnus arm (R = 6.8 ± 0.1 kpc). Whether this shift is statistically significant remains an open question.
COMPARISON OF PERIODIC PATTERNS IN THE VELOCITY FIELDS OF CEPHEIDS AND OB ASSOCIATIONS
An analysis of the velocity field of Cepheids ) revealed a periodic pattern along the galactic radius-vector with a scale length of λ = 1.9 ± 0.2 kpc and mean oscillation amplitudes of f R = 6.2 ± 1.2 and f θ = 2.1 ± 1.2 km s −1 . It would be interesting to see whether the periodic pattern of the Cepheid velocity field exhibits the same specific features as that of OB-associations.
To answer this question, we inferred the parameters of the periodic pattern of the Cepheid velocity field in three regions 0 < l < 180
• , 30 < l < 180
• , and 180 < l < 360
• in the same way as we did it for OB-associations ( Table 5 ). Note that the exclusion of the region 0 < l < 30
• has no effect on the inferred parameters of the periodic pattern in the Cepheid velocity field. We used the parameters of circular motion and solar-motion components that we inferred from the analysis of the entire sample of Cepheid located within 3 kpc from the Sun [see Table in Mel'nik et al. (1999) ]: u * 0 = −7.6 ± 0.8 km s −1 ; v 0 = 11.6 ± 1.0 km s
, and Ω = 29 ± 1 km s −1 kpc −1 . These parameters agree within the errors with the corresponding parameters of the velocity field of OB-associations (Table 1) .
It is evident from Table 5 that in the region 30 < l < 180
• both radial and azimuthal velocity fields contain a periodic component. The amplitudes of velocity variations are equal to f R = f θ = 6.5 ± 1.8 km s −1 . Numerical simulations show that the hypothesis about the accidental nature of the periodic variations found in the fields of radial and azimuthal residual velocities in the region 30 < l < 180
• can be rejected at a confidence level of 1 − P > 99%. The periodic pattern revealed in the radial-velocity field in the region 180 < l < 360
• with an amplitude of f R = 5.8 ± 1.7 km s −1 cannot be also due to random fluctuations (1 − P > 99%), however the variations of azimuthal velocities with an amplitude of f θ = 2.0 ± 1.5 km s −1 can well (P = 25%) be due to random fluctuations. Figure 6b shows the field of Cepheid residual velocities and, based on λ, f R , f θ , ϕ R , and ϕ θ from Table 5 , the circular arcs corresponding to the minima of mean radial (V R ) (solid line) and azimuthal (V θ ) (dashed line) velocities. These arcs determine the kinematical positions of the Cygnus, Perseus-Cassiopeia, and Carina-Centaurus arms. The radii of arcs in Fig. 6b are determined with an accuracy of 0.1 − 0.2 kpc.
The fields of residual velocities of OB-associations and Cepheids can be seen to have many features in common. First, the galacticentric distances of the Carina-Centaurus (R = 6.3 − 6.5 kpc) and Perseus-Cassiopeia (R = 8.1 − 8.2 kpc) arms as inferred from analyses of radial velocities of Cepheids and OB-associations agree well with each other. Second, both Cepheids and OBassociations located in the quadrants I and II exhibit periodic variations of the azimuthal velocity with an amplitude of f θ ≈ 6 ± 2 km s −1 , whereas the azimuthal velocities of both populations show no periodic pattern in quadrants III and IV. However, the velocity field of Cepheids somewhat differs from that OB associations. Thus Cepheids do not show the 0.3 kpc shift between the positions of the Cygnus and Carina arms as inferred from radial velocities of OB associations. The Galactocentric distances of the Cygnus arm as inferred from analyses of radial velocities of Cepheids (R = 6.3 ± 0.1 kpc) and OBassociations (R = 6.8 ± 0.1 kpc) differ significantly from each other. In contrast to OB associations, Cepheids do not show such a good agreement between the positions of the Cygnus and Perseus-Cassiopeia arms as inferred from analyses of the radial and azimuthal velocity fields.
CONCLUSION
An analysis of the field of space velocities of OB associations located within 3 kpc from the Sun revealed periodic variations in the magnitude and direction of radial residual velocities V R along the galactic radius-vector with a typical scale length of λ = 2.0 ± 0.2 kpc and a mean amplitude of f R = 7 ± 1 km s −1 . We revealed five kinematically distinct star-forming regions where almost all OB-associations have the same direction of radial residual velocity V R . The radial velocities of OB associations in the Carina-Centaurus, Cygnus, and PerseusCassiopeia regions are directed mainly toward the Galactic center, whereas those of the Sagittarius-Scutum complex and of a part of the Local system, are directed away from the Galactic center. It is the alternation of star-forming regions with positive and negative radial velocities V R that determines the periodic pattern of the radial velocity field of OB associations.
The fact that rich Carina-Centaurus and Perseus-Casiopeia stellar-gas complexes lie in the vicinity of the minima in the distribution of radial velocities of OB-associations indicates that the region considered is located inside the corotation radius. The enhanced density of high-luminosity stars in these regions cannot be due to observational selection, because the Carina-Centaurus and Perseus-Cassiopeia complexes are the most distant ones among those considered in this paper ( Fig. 2 and Table 3 ). Furthermore, these regions cover sky areas extending for several tens of degrees and at a heliocentric distance of 2 kpc the mean extinction averaged over such large sectors depends little on the direction within the galactic plane. There is no doubt, the enhanced density of highluminosity stars in the Carina-Centaurus and Perseus-Cassiopeia complexes is real and not due to the extremely low extinction along the corresponding lines of sight.
The fact that the Perseus-Cassiopeia complex (R = 8.4 kpc) is located inside the corotation radius imposes a lower limit on the corotation radius, | R c −R 0 |> 1.3 kpc and an upper limit on the spiral pattern speed, Ω p < 25 km s −1 kpc −1 . Our conclusion about the corotation radius R c being located in the outer 14 part of the Galaxy beyond the Perseus-Cassiopeia arm is in conflict with the conclusions of Zenina (1999a, 1999b) who argue that the Sun is located near the corotation radius | R 0 − R c |< 1 kpc. The latter authors based their conclusions on the small value of radial (f R = 2 ± 1 km s −1 ) and large value of azimuthal (f θ = 8 ± 1 km s −1 ) velocity perturbation amplitudes they inferred (Mishurov and Zenina 1999b) . Our analysis yielded a reversed amplitude proportion with f R = 7 ± 1 and f θ = 2 ± 1 km s −1 both for Cepheid ) and OB-association data (Table 1) . At the same time, the pitch angle found by Zenina (1999a, 1999b ) for a two-armed spiral pattern corresponds to λ = 2 kpc and is consistent with our results.
As for the periodic pattern in the field of azimuthal velocities of OB-associations, it is observed in the quadrants I and II and is absent in the quadrants III and IV. The mean amplitude of azimuthal velocity variations in the region of the Cygnus and Perseus arms (30 < l < 180
• ) is as high as f θ = 6 ± 2 km s −1 , i.e., triple that of the entire sample of OB associations. Another specific feature is the striking agreement between the positions of the Cygnus and Perseus arms as inferred from separate analyses of radial and azimuthal velocity fields of OB associations. This feature can be explained by shocks that develop when a density wave propagates through gas at a supersonic velocity.
The periodic patterns in the residual velocity fields of Cepheids and OBassociations have very much in common: similar scale length of radial velocity variations along the galactic radius-vector, λ = 2 ± 0.2 kpc and similar amplitudes of velocity variations. Moreover, in both cases the azimuthal velocity fields of objects located in quadrants I and II exhibit a periodic pattern, whereas no such pattern can be seen in the azimuthal velocity field in the quadrants III and IV.
The kinematical positions of the Carina (R = 6.3 − 6.5 kpc) and Perseus (R = 8.1 − 8.2 kpc) arms can be confidently inferred from an analysis of the field of radial velocities of both OB associations and Cepheids. It is the distance between these two arm fragments that determines the scale length of the variations of the radial velocity component along the galactic radius-vector, λ = 2 kpc.
The wavelength value that we inferred, λ = 2 kpc, seems to coincide with that of the most unstable mode of galactic disk oscillations at the given Galactocentric distance. The very existence of the spiral pattern suggests that the galactic disk is marginally unstable at the solar Galactocentric distance. Presently, the gaseous component of the galactic disk is considered to be instrumental in maintaining such a marginal instability (Jog and Solomon 1984; Bertin and Romeo 1988; Bertin et al. 1989) . Jog and Solomon (1984) showed that the wavelength of the most unstable disk mode depends on the gas fraction. They found that the wavelengths of the most unstable disk modes at the solar Galactocentric distance should lie in the 1 − 5 kpc interval, where 1 and 5 kpc correspond to a purely gaseous and purely stellar disk, respectively. Our result λ = 2 kpc suggests that both components play important part in the dynamics of our Galaxy. (3) and (4) for the entire sample of OB associations The X-axis is directed away from the Galactic center, and the Y -axis is in the direction of galactic rotation. The Sun is at the origin. The circular arcs correspond to the maximum radial component V R of residual velocity toward the galactic center. One can see five starforming regions where almost all OB-associations have the same direction of radial velocity V R . 
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